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e. 

i n  dzii1.7eiy Lo A m e s  Research Center of  a n  instrum;.:ik r“or t : i ~  

s o n t i n u o u s  mon i to r ing  of piaopagat i o n  v e l o c i t y  of externally 

impressed, t r a n s v e r s e ,  a r t e r i a l  waves a s  d e f i n e d  )7y 

L~.ln~iov~;le  and o t  riers . The equipment measures p r o p a p t  i o n  

v e l o e i t  :IT by  t i m i n s  I-tt:! p a s sase  or‘ a sl-.perimposed acoi i s+ , ic  

wave over a known l e n g z ~  or‘ ar’,eTjr, Con-;tants !lave iteen 

c ’osen such t m c  appi-oxima‘ e l y  some 21,; diT.ctrete de u : 2 r m i -  

naf,iGna O? v e l o s i t ; r  a r e  m a d e  w i t n i n  t h e  !iormai *]earl; p u l s e  

c y c l e ;  %tieyefore  de ra i l ed  i n t r a - p u l s e  inf’orrriatior? i s  avai la-  

%le. 

The purpose of deT;eloping this equiprn.?n-c has ;)2e1i t o  

pi-ovid2 a new tool f o r  cardio-!.7ascular r2sc=arci;, 2:-d r,hr2:ar-.- 

T h e  d e s i g n  has kec!; made with a view t o  praoviding ?or  

q u i c k  and easy appl icaA:ion $ 0  -m;,ious hu.man sat iecLs,  and 

also t o  p r o v i d i n g  f o r  r e l a s i v e l  J com’or t a t l c  wea_.i:ig o r  r ?e 

deviet_. w i i l e  engaged i n  normal p’  r s i c a l  a c t i r i ‘ y .  Wire leads 

musr, iiowever, >e ar tac l  ed “ 0  tt,e eq.Jiprnont VJ‘ i.: 1 i s  worn.  

i . ,ncocraging a n 2  consiszerrt  resul ts  ;ave iser_r 0 1 ,  a i n d  

d u r i n c  l i m i t e d  $ r i a l s  or’ t:ie dzv ic? ,  sild i q d i c a t i o n s  a r e  T; 

a ver;r s e n s i t i  -e i n d i c a t o r  OF c i r c u l a t o r y  r e a c t i o r i s  t o  

- 
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PF-iA3E 1 - I n i t i a l  & s i g n  Phase 

A .  Choice of nieasurement schemes.  
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C .  Xicrophone develoFment.  
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l q 
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C. Expandin>; i n t . ? r e s t  i n  Cort inuoi ls ,  int17a-pul.;e Lellavior.  

E. Exper imenta l  feedback  from : ' , e  project, work. 

1. !:ave v e l o n i t y  depends zpon f a c t o r s  o t % e r  siiari 

hlood p r e s s u r e .  

2 .  Lave v e l o c i t y  i s  a s e n s i t i v e  ilzdica",r of, a.id 

i s  r a p i d l v  r e s p o n s i v e  to, cirsu1ator;T chan;e. 

3. Inc reased  ~ ~ ? s o l u -  i o n  i s  p o s s i i l e  w i t  wo- 

micr*opV,one sc'ieme. 

Q .  Improvement i n  pelrformance Is oi-taina?:le from 

C-?T equipment.  



7 ?TTA ;:- I V  - Ye-developmens i lase 

A . 'aTelopmeni oi' p&ircd-microp  !one tec1,nique. 

R. Ceversa l  of vfbra",or-micr.opi-o;ie l o c a t i o n s .  

- 

1 ,. Tiedesiijn of circuitry arid elimina+,iol? of pulsed  energy.  

3. 2 o l l e c t i o n  of pati21.t trial data. 

P'!AZ,E V - Fina l  C o n s t r u c 2 i o n  Phase 

A. 3etermination of Ames Fiesearch Center  requirements. 

I?. 

1;. 

J-. ;'ackap,ing f o r  ce,itr.ir"uge usage. 

"Zonvenieme I'  d e s  igii f o r  v i - f J m t o r .  

" Isolat  10-2 f  on amkien t  " design for* microphones.  













F';IA?S 1'4 - 7 :e-')evelopmen; 

recause of t h e  greater s i g  ia l -50-noise  ra- i o  ac! : ievihle  

w i ~ ; .  C L e c o ~ ; ' ; i ~ v o ~ i s  wave iectinique as w e l l  as t ; , e  ease of 

o?, ' ,aLriir ig coIl:,inuous i r -zpa-pulse  impressed wav? v e l o c i t y  

i n f o x n a t i o n ,  tbc  p-Jlsed erizr;;y t e c h n i q u e  was Yinal iy  d l s -  

i?a:-ded i n  f a v o r  of' tk.e c - w  mcttiod. ?ligure 3 is a block  

diagram of t h e  i ' i na l  d e l i v e r a b l e  system. Two microphones,  

z e p a r a t e d  b y  2 inches o v e r  -,he m d i a l  a r t e r y ,  each d z t e c t  

:'le a r r i v a l  of' +;le impressed waves. Iy measurini; t h e  

difference in phase as t h e  waves z r r i v c  a t  t h e  two niicro- 

pI.oncs, a l l  exLraneous phase sniz'ts i i i  tile system a re  

nes lec ted .  
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+1 v o l t ,  and s'-olild work i n t o  a 1l ,COO o L i m  l o s d .  - c .. 
( 2 )  A l l  equipmen: r;?iould e i t ' iFr  fi, os: ,;le cer~ir. i ; 'uge 

be used a t  a level or' 1/3 :\rol; or a?ove. 

( 3 )  Eecause of ;lie presence  of' a gu ide  r a i l  f o r  iiie 

c e n t r i f : i g a l  assem'-l:r, t;le acous ical enviroiime ;t is ap-  l ; r  

desc r i ' xe f l  as  "noisy.  " 
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a s s u r i n g  tha t  the arm t r a n s d u c e r s  are  p r o p e r l y  l o c a t e d  upon 

tile s u b j e c t .  When the system i s  i ; n  o p e r a t i o a ,  t:ie mon i to r s  

have no d i r e c t  usaTe a s  d a t a  s u p p l i e r s ,  a l t h o u g n  t h e i r  d i s -  

p lays  w i l l  no dolii~t ,  p rov ide  conf idence  i n  the r e s u l t s .  'TOP 

pu rposes  or" making a p rope r  double-beam o s c i l l o s c o p i c  d i s -  

p l a y ,  fhe t r i gge r  s i g n a l  has been brought o u t  f o r  a 

s y n c h r o n i z i n g  p u l s e .  

P a s i c  o p e r a t i n g  i n s t r u c t i o n s  a r e  inc luded  under 

E&?.,TIFTG':T DETAILO. 

A n e c e s s a r y  and impor tan t  part, of ally o p t i n i z a t i o n  p ro -  

c e d u r e  i s  a s o - z a l l e d  c l i n i c a l  evaluat, loi? o f  ? l e  equipment 

in e s c e c t i a l i y  i t s  ' i n a l    or^. Althoiigh I t  ;.rid I ? t e ) i  o r i z i -  

n a l i y  planned to d o  this a f t e r  ; , ; I ?  d e l i v e r a b l e  equipment  had 

been completed,  r e v i s e d  schedu l ing  caused by the  change-of- 

g03.1.s z c t i v i t y  n e c e s s i t a t e d  makii?g a cons ldc ra l i l e  number of 

.,$lese z r l a l s  wit, - 7 he f i n a l  t r c a d t o a r d  equipmenq. Conse- - 1  

quent ly, s u b j e c t s  were commandeered more 01- less a t  random 

from w i t ' : i n  tlie lat,ora:or:r, bq;Tnning i l z  :?ept.ember, 3:-id 

scb .Jec ted  t o  t e s t .  I n  all, n e a r l y  Z:# s u l > , j e c t s  were t e s t e d  

and the r e s u l t s  ob ta ined  were cause  f o r  a n  appr .ec lab le  

amount; 0:" r e - d e s i g n  a c t i v i t y  f o r  the t r a n s d u c e r s .  



IV. 

It i s  tiLougilt t!iat t!ie p r o , f e c t  descri'r,ed a3ove has p ro -  

v ided  a h i t h e r t o  u n a v a i l a b l e  tool f o r  use i n  c a r d i o v a s c u l a r  

research. P r e l i m i n a r y  resu l t s  ob ta ined  w i t : ? .  t h e  equipment 

i n  t h e  laboratory of t h e  deve lope r  p o i n t  t o  r a p i d  and s e n s i -  

t i v e  i n d i c a t i o n s  of r e l a t i v e l y  minor changes i r ,  c i r c u l a t o r y  

c o n d i t i o n s  w5en caused S J  e x e r c i s e ,  r e o r i e n t a t i o n  o r  t h e  Lody, 

ci-.a:lZe i n  breat5in. l ;  rasE;', aI:d !,he l i k e .  

It i s  a l s o  thou&t that, t ne  r e q u i r e d  cq:.!ipment and 

c i r c u i - k r y  a r e  i l a s i c a l l y  s imple  eno;J.gtl to make? fo;? a rela- 

t , i v e l y  p r a c t i c a l  ins t rumens .  Power l e v e l s  a r e  tkotig. !t t o  be 

p r e s e n t l y  low enough to avoid  d i s c o m f o r t  o r  i n t e r ' e r e n c e  w i L i i  

a c t i v i t y  on t?-.e p a r t  or" t h e  s u b j e c t ,  and cou-id b.2 rredu-ced 

f u r t h e r .  Mechanical d e s i g n  of t r a n s d u c e r s ,  w h i l e  p robab ly  

adequ2t.e for,  i n i t i a l  researei-; w o ~ k ,  can, a!id s ! ? o - ~ I d ,  be 

Improved l a t e r .  Cne would look Loo~m~-d  t o  a f i . . - I i ~ r e  version 

whicih is 110 more or' a r e s t r i , 2 t i o ; :  t -0  t h e  sub,jeci; '<,tian wear ing  

a p a i r  or' w r i s t  watcnes p lus  a t, i n  caL le  attachment t.0 his 

s u r r o u n d i n g s .  

. .  

Exper ience  w i t h  t h e  eqcipment t o  dat,i. would suggest t , h a t  

t h e  equipment be used t o  gather s i z e a h l e  q u a n t i t i e s  or" 

s u F , j e c t  data c o v e r i n g  such  p o i n t s  as :  

( a )  ease of a p p l i c a t i o n  t o  v a r i o u s  Sod:- t yp2s  

( b )  i n t r a - s u b c j e c t  r e p r o d u c a b i l i t y  of resclks 

( c )  r e l a t i o n  of o u t p u t  t o  instan:;aneous blood p r c s s u r e  ( o n  a 

p e r - p a t i e n t  bas i s )  

- 15 - 
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F I G U R E  16. EXTERIOR VIEW OF MAIN U N I T  O F  A R T E R I A L  WAVE V E L O C I T Y  
MEASURING EQUIPMENT 



FIGURE 17. INTERIOR VIEW O F  M A I N  CHASSIS EQUIPMENT 



FIGURE 18. EQUIPMENT MOUNTED ON SUBJECT'S ARM FOR TESTING 
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